Electrical conductivity is given in milllisiemens per meter (mS/m) unless otherwise specified. Electrical resistivity is given in ohm meters unless otherwise specified. 1 mS/m = 1000/ ( 1ohm meter), thus 10 mS/m = 100 ohm meters.
Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88) except as noted in text. Horizontal coordinate information is referenced to the North American Datum of 1983, Universal Transverse Mercator Zone 13 (NAD 83 UTM Zone 13N)" except as noted in text. Airborne geophysical survey reference for GPS data is WGS84. 
ACRONYMS USED IN THIS REPORT:

EM
Introduction
Airborne geophysical studies have been used effectively by the U.S. Geological Survey (USGS) in a variety of groundwater resource projects and programs (Smith and others, 2006; . Electrical geophysical methods can be used to image the subsurface of the Earth using techniques similar to a medical CAT (computed axial tomography) scan of the human body (Won, 1990) . A specific example is the helicopter electromagnetic (HEM) survey conducted for the USGS in the upper Missouri River Basin (Poplar, Montana) to study groundwater quality (Smith and others, 2006) in a similar hydrologic setting in parts of Nebraska. Based on the success of these and other groundwater studies using airborne geophysical methods, the USGS received funding from Nebraska state agencies to conduct subsurface airborne resistivity mapping over three pilot areas in eastern Nebraska in 2007 as described by Cannia and others (2007) . This work was part of the Eastern Nebraska Water Resources Assessment (ENWRA), a cooperative effort involving ten local, state, and federal agencies to develop a three-dimensional geologic framework and water budget for the glaciated region, or eastern 1/5th of Nebraska (Korus and Divine, 2007) . The results from the 2007 HEM project have been described and data released by others (2008a and 2008b) . Following these successful surveys in eastern Nebraska, HEM surveys were flown in western Nebraska (Smith and others, 2009; 2010) and the results were used in groundwater models being developed by the North Platte and South Platte Natural Resources Districts (Abraham and others, 2009 
Purpose and Scope
This report presents HEM and magnetic digital maps and data that were The objective of the survey is to map subsurface hydrogeologic features in order to improve the understanding of the relation between surface water and groundwater systems critical to developing management programs for water resources. The airborne geophysical survey data can be used to map subsurface electrical and magnetic properties of the Earth that can be related to concealed geologic and hydrologic features. In particular, interpretation of the HEM data will be used to refine aquifer geometry for groundwater and geologic models in eastern Platte River Basin.
Description of Study Areas
Helicopter electromagnetic ( 
Geophysical Data Overview
The digital data from the airborne survey were acquired and processed by the contractor, Fugro Airborne LTD, as described in Appendix II. The USGS did onsite quality control of the contractor's data acquisition. Onsite decisions were made Table 2 contains links to the digital data and a brief description of the files and directories.
9 Table 2 . Digital data organization and description for files and directories.
Folder Description
Metadata description of digital data by survey block (1/8 to 1/4 mile: Smith and others, 2007) , though flight lines with 800 m separation have been used to map regional structures in a carbonate aquifer setting (Smith and others, 2008c) . Table 3 gives the flight line specifications for each survey area. The main part of the geophysical system is housed in a cylindrical tube or "bird" that is towed beneath the helicopter. In the system flown by Fugro Airborne Ltd., all of the measurement systems in the bird are transmitted by a cable to a processing and digital recording system in the helicopter. Electromagnetic (EM) and magnetic field 11 geophysical data measurements are made approximately every three meters along the flight line. Figure 2 shows the instrumentation used for HEM surveys similar to that used for this survey.
METADATA
Electromagnetic Measurements
The principles of HEM methods are summarized by Siemon (2006) Table 4 . Frequencies and measurement sensitivities used for the HEM survey. The coil pair separation is 7.9 meters for all except for the 3,300 Hz coil-pair which is 9.0 meters.
The EM measurements made approximately every three meters (ten feet) along flight lines are reduced to apparent resistivity values as described in the contractor's report (Appendix II). One important consideration of the HEM Earth subsurface imaging is that the depth of imaging is dependent on the frequency and resistivity of the Earth.
One estimate of the depth of exploration (depth of mapping) for the frequencies used in the RESOLVE © system is shown in figure 3 . In this figure, the depth of exploration is defined as 0.5 of the skin depth (point with the Earth at which a plane electromagnetic wave has attenuated to 37 percent of the initial amplitude). The depths of exploration estimates shown in figure 3 are conservative since one skin depth generally is considered to be the depth limit of HEM measurements (Fraser, 1978) . Generally, at the highest frequency, depths of exploration are just a few meters. At the lowest frequency, measurements is the basic principle that allows depth images to be constructed.
Additional discussion of the depth of investigation can be found in the following section on EM data inversion.
The EM signals are recorded for each frequency as in-phase and quadrature (out-of-phase) as referenced to the transmitted signal. These signals are postprocessed to apparent resistivity for each frequency and a corresponding apparent depth as described in Appendix II and by Fraser (1978) . The apparent resistivity is, as the name implies, not the intrinsic electrical resistivity of the Earth but a value estimated based on assumptions of the measurement and of a homogeneous Earth (Fraser, 1978) .
Estimates of the intrinsic resistivity are obtained through a variety of imaging methods that are described by Siemon (2006) and Hodges (2004) . The differential resistivity and depth transformation (Huang and Fraser, 1996) is one simple depth imaging method that has proven effective for HEM survey data (Smith and others, 2003) . Both the An important part of the data processing is leveling the EM signals for system drift and calibrations. The specific steps used in the data processing are described in Appendix II. The digital line data gives the raw in-phase and quadrature data and the processed data from which the apparent resisitivites are computed. The final leveled data is also provided. These data are included in the data base in case the original data is used for reprocessing.
Total Magnetic Field Measurements
The HEM system uses a total magnetic sensor (see Appendix II for details) that measures the Earth's total field to an accuracy of 0.01 nanoTesla (nT). The magnetic field consists of the Earth's main magnetic field and the local magnetic field due to sources within the crust and ferromagnetic metallic sources at the surface. The total field measurements are influenced by short term variations in the magnetic field which are independent of local sources and are caused mainly by solar activity. A total magnetic field base station, set up by the contractor near the base of operations, is used to record these short term variations in the Earth's total magnetic field which is subtracted from the measurements made during the survey. Sharma (2002) describes the basic principles of the main magnetic field removal.
The contractor processed the total magnetic field to remove the spatial variation from the Earth's main magnetic field. This spatial variation is defined by the International Geomagnetic Reference Field (IGRF). The removal process is described in more detail in the contractor's report in Appendix II.
Ancillary Measurements
The airborne electromagnetic system also monitors 60 Hz signals in coaxial and coplanar coil configurations. The data are given as CXPL CPPL channels in the line database (LINEDATA). The data are given as arbitrary voltage levels, which generally increase over power lines. The expression of power lines is quite variable due to a number of factors such as the size of the line, how well it is "grounded", and the 16 electrical resistivity of the Earth. In general the infrastructure around urban development, transmission towers, and along major roads has a higher cultural noise level resulting in high 60 Hz signals.
Positioning measurements of the bird and the helicopter are critical in processing and making accurate maps. Location data from the GPS system in both the bird and helicopter are given in the files in the LINEDATA folder. Elevation data from the laser altimeter on the bird as well as the radar and barometric altimeters on the helicopter are given in the LINEDATA files. An important aspect of the contractor's data processing is the elevation data are given in the WGS84 Spheroid and have not been reduced to an ellipsoid. The contractor's report explains that additional processing needed to do this data reduction was not part of the NRD contract.
Inversion of Electromagnetic Data
Abraham and others (2009) describes the application of inversion of HEM data to obtain resistivity -depth estimates along flight lines that then can be interpreted in terms of hydrologic model parameters. The multifrequency HEM data are inverted using the code EM1DFM (Farquharson, 2000; Farquharson and others, 2003) . This is a 1-D nonlinear least-squares algorithm that recovers the distribution of electrical conductivity (reciprocal of resistivity) with depth beneath each sounding. The inversion algorithm minimizes an objective function ( ) that is a combined measure of data misfit ( d φ ) and
Inversion of HEM data is ill-posed and nonunique; that is, there are many resistivity models that are consistent with the measured data, and some form of regularization is needed to stabilize the inverse problem. Regularization is introduced through the model norm, which favors specific properties in the inverted model such as proximity to a reference model or smoothness. The relative importance of fitting the data compared to controlling the model through regularization is controlled by a tradeoff parameter, β . Details on how β was chosen for the inversions in this study are discussed below.
The data misfit component of the objective function describes how well the observed data matches the data predicted by the inverted resistivity model. Specifically, it is defined as the L2-norm of the difference between observed and predicted data, normalized by the data error, for each frequency.
The data weighting operator, d W , is a diagonal matrix with entries
is the standard deviation of the noise for each frequency. Specification of the data errors is an important, but often overlooked, aspect of the inverse problem. Set too low, the algorithm will tend to fit noise in the data and result in models with too much structure.
Set too high, the algorithm can easily fit the data with many models, and the resulting The model norm component of the objective function is a combined measure of proximity to a reference model and smoothness.
The scaling terms s α and z α control the relative importance given to proximity to the reference model and model smoothness, respectively. Because β scales both s α and z α , it is only important to specify the relative weight of these latter terms, which is often simplified by setting one of them to 1.
Testing to Determine Optimal Inversion Parameters
Before inverting the HEM datasets, a series of parameter tests were carried out on a test line extracted from the dataset to determine the optimal starting model, reference model, and tradeoff parameters β , s α , and z α . All of the inversions were parameterized with a 25-layer model, where the depth to the top of the underlying halfspace was 125 m. The thicknesses of each layer, automatically assigned by EM1DFM, are summarized in Table 6 . In order to select the tradeoff parameters, multiple inversions were run using all possible combinations of β = [10 50 100], s α = [0.001 0.01 0.1]. For all cases, s α was fixed at 1.0 because it is only the relative value of this parameter with respect to s α that is important. In addition to the inversion runs with fixed values of β , an additional set of inversions were run using the same three values for s α , but with the generalized crossvalidation (GCV) criterion (Farquharson, 2000; Haber and Oldenburg, 2000) for automatically selecting an optimal value for β at each sounding along the line. Use of the GCV method for selecting β is more robust, but can sometimes result in significant model artifacts when there is unaccounted for noise in the data.
Based on the inverted models using the above parameters, it was determined that the GCV method of automatically selecting β produced the best results along the entire test line. The GCV method was particularly useful in selecting different values of β that were best suited to sections of the test line with different subsurface structural properties (for example, over deep, resistive channels). The best value for s α was chosen as 0.005, based on observation of the test inversions using s α = 0.001 and 0.01. A summary of the complete set of inversion parameters used in EM1DFM is shown in table 7. 
Model Assessment Using the Depth of Investigation (DOI) Metric
The depth of investigation (DOI) metric (Oldenburg and Li, 1999 ) is a valuable tool for evaluating the approximate depth in an inverted model to which the data are sensitive. The DOI metric is defined as the difference between two models inverted with different reference models, divided by the difference in reference models 
Digital Data
Digital data are given in the folders described in table 2. The following describes the digital data in each subfolder.
Metadata
The METADATA folder contains files that describe geophysical survey blocks ( fig. 1 ). These survey blocks are the boundaries for line data, digital grids, and plots.
The metadata also describe the projection used for all of the digital plots which is North
American Datum of 1983 (NAD83) Universe Transverse Mercator zone 14 north (UTM14N) in meters.
GIS Data
The GIS folder contains various files that may be useful in map preparation. The flight line location files are in dxf (AUTOCAD) and as ESRI shape files (.shp and ancillary files). Outlines for each survey area are given as .shp files.
Grids
Flight line data are interpolated onto a regular grid (gridded) to produce map plots. One of the challenges of gridding airborne geophysical data is that the spacing between flight lines is much greater than the sampling along the line (a few meters).
Specialized gridding methods have been developed to deal with this aspect of processing airborne geophysical data (Smith and O'Connell, 2005) . The contractor has used a modified Akima spline method (Appendix II) to construct grids of the airborne geophysical data. The contractor grids are given in the GRIDS folder in the FUGRO subfolder. These grids have not been modified. The nomenclature for the grid names is given in the readme.txt file.
An alternate gridding method is the minimum curvature method implemented by Webring (1981) for geophysical airborne data. This gridding method is used in the GEOSOFT OASIS MONTAJ program (Geosoft user's manual, 7.2, 2010; http://www.geosoft.com/resources/papers/pdfs/topicsingriddingworkshop.pdf) . We have 22 used this algorithm to produce grids from selected channels of the flight line data. These grids can be found in the subfolder USGS. The grid cell size was 75 m. File naming convention is given in the readme.txt file. The USGS grids also include the magnetic data, digital elevation, and powerline monitor data. These grids have 75 meter cell size.
The grids can be viewed in free software distributed by GEOSOFT (http://www.geosoft.com/downloads ). / Plug-ins for various mapping software packages can also be found on the GEOSOFT web site. Plots produced from the grid files are described below.
The grids can be imported into ESRI ArcMap applications with a plug-in provided by GEOSOFT (http://www.geosoft.com/resources/releasenotes/plugins/arcGISplugin.asp). A sample display of one such plot in ArcMap is shown in figure 4 . Color scale bars can be imported to match those of the geoTIFF maps. The grids may need to be given specific projection information (NAD83 UTM13N) depending on the base maps that are used.
Plots
The USGS has produced plots (PLOTS folder) of the gridded data described above as PDF files (PDF folder) and georeferenced tiff format (GEOTIFF folder) files.
The projection used for the geotiff plots is the same as the grids, NAD83 UTM13N. The plot files have been produced with a color scale common to all frequencies for each survey area. Thus the colors for apparent resistivity maps can be directly compared between frequencies. Generally the apparent resistivity is higher by about 75 ohm meters for the North Platte River area so a color scale with a slightly different range has been used than for the Lodgepole Creek area. The color scale gives high resistivity as warm colors (reds) and low resistivity as cool colors (blues).
Digital Flight line Data
The flight line data for each area are given in the folder LINEDATA. The files are given in ascii format with column headings as described in the readme file. The contractors report in APPENDIX II also describes the digital flight line data.
Keyhole Markup Language (KML) Files
KML is a file format used to display geographic data in an Earth browser such as A users guide to GE can be found at the following hyperlink: 
Resistivity Depth Section Database
The resistivity as a function of depth along the flight lines as determined from the depth imaging or inversion described above is given in the depthsec folder (table 2) .
One important aspect of the plotting of depth sections is plotting the corresponding elevations. As described in the Fugro report, the elevation data from the GPS and laser altimeter have not been projected in an orthometric fashion. The laser altimeter gives the distance about earth's surface only (see contractor's report, Appendix II).
Elevation data are provided relative to two datums. In the electromagnetic and magnetic databases, radar altimeter values were subtracted from the differentially It is critical in using the depth data given in the databases to check projections or use digital elevations from other models being used.
